Studies of multilayers in Japan are relatively new in the field of soft X-ray optics, in striking contrast to extensive research in the field of semiconductors. Our current efforts have thus been directed more to basic research, both academic and technical, than applications, though those researches are all aimed at specific applications. This paper describes, as a representative example, the current activities of several Japanese research groups in the field of multilayers for soft X-ray optics. This includes various design concepts, examples of designed multilayers, measurement of optical constants, fabrication of substrates and multilayers, evaluation of roughness, entrapped Ar, crystal structure, and reflectance, and applications to X-ray lithography and X-ray telescopes. The groups participating in this paper are listed below. Figure 6 shows the optical constants of Mo film prepared by Tohoku group using an ion-beam sputtering system. The reflectance data used for the analysis were taken for s-polarization at the Photon Factory. In the analysis, the measured data of reflectance vs. wavelength were compiled in the form of reflectance vs. angle of incidence for every wavelength sampled. The optical constants were, then, determined by means of least-squares curve fitting by taking multiple reflections into account. The film thickness measured by the Tolansky method was used in the initial phase of analysis, and then the film thickness was finely adjusted, within the possible errors in the thickness measurement, until it gave the best fit for all the data available to the analysis.
In figure 6 , two published data points, one at 124 Â (100 eV) by Henke et al. [4] and the other at 210 Â by Lynch and Hunter [8] , are shown by solid circles. The optical constants used in the simulation of reflectance curves by Barbee et al. [9] [8] and [9] . 4 . Fabrication of multilayer mirrors.
POLISHING OF SUBSTRATES. -It is needless to
say that low-scatter supersmooth optical surfaces are essential in the fabrication of multilayer mirrors for soft X-rays. Bowl feed polishing [10] is used by Tohoku group, and surface finish of about 5 Â rms roughness on BK7 glass has been obtained [11] .
Namba of Chubu group invented a better polishing technique called float polishing [12, 13] and constructed special machines [14, 15] .
The essential. parts of the new float-polishing machine are schematically shown in figure 7 . The machine is capable of polishing samples of up to 180 mm in diameter. While the machine is running, the polishing fluid rushes through the small gap between the lap, made of tin, and the workpiece, producing polishing action. The polishing fluid consists of 2 wt. % of 70 Â-diam fumed silica powder [19] , by using a UHV electron-beam deposition system [20] (see Fig. 10 ). figure 11 for the case of Fe/Mg multilayers [21] . Difficulty was encountered, however, in de- Fig. 10. -Schematic of the UHV electron-beam deposition system (after Ref. [20] [23] . Figure 16 shows the observed p's (solide line) during the formation of a 7-layer Au/C mirror (layer thicknesses of Au and C are 50 Â) together with the simulation curve (dashed line). As [24] . The result shown in figure 17 confirms the existence of periodic structure even in these multilayers, whose Fe layers are of super-thin. The periods estimated from the diffraction-peak angles agree well with the designed periods. [25] . Figure 18 NTT group designed a new triple-axis goniometer for large area X-ray diffraction topography capable of utilizing synchrotron X-rays of 3 x 50 mm2 and installed it on the beamline 15B at the Photon Factory [26] . The The measurement of X-ray scattering has been proved to be a good method for evaluating an X-ray mirror surface [27] . Nagoya group extended the method and succeeded not only in a quantitative evaluation of the rms height as a measure of the surface roughness, but also in a measurement of the power spectral density function, which represents the characteristics of surface wavings [11] .
They measured the scattering profiles of B) Transmission electron microscopy.
Transmission electron microscopy has been utilized by NTT and Canon groups, to a varying degree, for the direct characterization of multilayers.
NTT group uses a 400-kV transmission electron microscope to characterize the pe '- 'ty and the interfacial structure [28] . Cross-sec Ál specimens were prepared by means of Ar-ion etching. For precise determination of the periodic length, the specimen was observed by varying its tilt with respect to the electron beam. Electron micrographs thus taken were traced with a microphotometer. The accuracy of period determinations with this method was found to be ± 0.15 Â. Figure 21 shows an electron micrograph of a W/C multilayer prepared by magnetron sputtering and its microphotometer trace. From this a mean period of 88.6 Â was obtained with a fluctuation of ± 1.9 Â. This value agrees quite well with the designed value of 90 Â.
A detailed observation of the interfacial structure was carried out using thin (-100 Å ) specimens. Crystallization of the component layers was further investigated by observing lattice images. Crystallization was not observed in the C layers of 20-1 000 A thick. Crystal grains were observed in the W layers of 100-1 000 A thick. Electron diffraction patterns of these W layers exhibited the same characteristics as those of bulk tungsten. In W layers of 30-60 A thick, however, no crystal grain was observed. Electron diffraction patterns of these layers showed crystalline patterns, suggesting the existence of fine crystalline particles in these thin Fig. 20. -Schematic of the 12-m X-ray beam facility at Nagoya University (after Ref. [11] [30] . Fig figure 28 . The resist pattern of a wire mesh of 20 03BCm wide thus obtained is shown in figure 29 , as an example. The pattern recorded in PMMA (0.4 03BCm thick) is the image of the mesh demagnified to 1/5 and shows a 4-lim grid. Although the wavelength used was not appropriate for X-ray lithography, the result was quite encouraging.
Nagoya group [38] has been developing a grazing incidence nested thin-foil X-ray telescope, which was originally proposed by Serlemitsos [39] , to propose for a future mission of the Japanese X-ray astronomical satellite. The effective area of a grazing incidence telescope is limited by the small critical angle. They considered the use of multilafyers as a means of obtaining a large effective area at the energy range of 6-8 keV. They made simulations on the performance of the telescope for the two cases : one for mirrors coated with Au single layer and the other for mirrors with Au/C bi-layer. Besides these simulations, they measured the reflectance of bilayers, the surface roughness of various thin-foil Fig. 28. -Schematic of the Schwarzschild demagnifying projection optics for X-ray lithography experiment (after Ref. [37] 
